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SUMMARY _ 


In Fig. 1S the circuit diagram of the RF stage is given. 
It shows that gate 1 of the MOST is coupled to the antenna tuned 
circuit via the decoupling capacitor Cm; of the varicap diode D1 
and the coupling coil Lm, 

The drain has been coupled to the primary of the bandpass-filter in 


a more usual way by means of Lm, and Cm, 
Both matching networks are necessary for the following reasons: 


a) Because of the rather high input capacitance of the MOST tetrode 
"Cis", a direct coupling of gate 1 to the antenna tuned circuit 


would cause an unacceptabledecrease of its tuning range. 
b) Both input and output damping of the MOST, increase strongly with 
frequency. On the other hand, the damping of the tuned circuits 


decreases with frequency. By means of the mentioned impedance 


transforming networks, an almost constant bandwidth and mismatch 


loss is achieved. 


' 
The impedance transforming networks on the input and output of the MOST 


are designed in such a manner that their parasitic resonance 


frequencies amount to about 900 and 450MHz resp. 
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The great difference between these frequencies is necessary to 


prevent a parasitic bandpass of the RF stage. 


It reduces also the risk for parasitic oscillations. 
Decreasing the costprice, in the RF stage the lechersystems are 
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replaced by coils. 
This measure demands for a complete redesign of the bandpass 


filter, which appeared to be rather difficult. 


Therefore the design of the bandpass filter and also some 


measures to prevent parasitic oscillations are detailed. 


Measured results. 


Freq. Tuning Noise Transd. Gain 3dB band VSWR (n.b.) 
F Voltage fig. gain red. width nom at.max 
bo (MHz) (Volt) (dB) (dB) (dB) (MHz) 
3 i 470 1.7 3.3 13.8 48 24 2.8 
18 
Yizi 600 7.7 3.5 11.0 40 23 1.4 2.6 
Ht ; 730 13.5 3.9 10.2 41 24 3.4 
Hd 860 25.1 4.2 10.0 44 19 4 384 
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A UHF RF STAGE WITH THE MOST TETRODE BF980 


ABSTRACT. 


In almost all the conventional UHF tuners, the RF transistor has been 


coupled to the antenna via a high-pass input filter. 

In that case the in-band interfering signals are also present at the 

RF transistor, causing a decreabe of the signal-handling capability of 
the RF stage. 

This can be improved by means of a MOST tetrode in the RF stage, which 
is coupled to the antenna by means of a tuned circuit. 

This provides extra selectivity and with that an improvement of the 
signal-handling capability. 

In the circuit, problems concerning the impedance matching of the MOST 
to the tuned circuits and the influence of the MOST on the tuning range 


has been solved, 
The tuned circuits are realized by means of ordinary coils which’ delivered 
some difficulties at the design of the pandpass filter. 
Therefore much attention has been paid on this subject. 


Also an analyse of possible instability sources is given. 
According to the knowledge gathered in this report a UHF RF stage has 
been built. ‘ ; 

The performance with the application of the BF980 is very good. 
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1. INTRODUCTION, 
Due to the fact that both the input and output damping of a 
MOST tetrode do strongly increase with frequency, it is 
impossible to apply the device in a UHF circuit without any 
special measures. Therefore, transforming networks are used 
on the gate and drain of the MOST providing a good impedance 
match to the tuned circuits. This measure results in an 
almost frequency independent transducer gain, bandwidth and 
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noise factor. 


2. THE RF BANDPASS FILTER. 


Fig. 2. 


‘The consents of ths report are not 10 be reproduced, in whole or in 


As shown in Fig. 2 the MOST is not connected directly in 
parallel to the primary of the bandpass-filter, but via an 


impedance transforming network Lm,~Cm,. 


This is necessary to achieve a correct matching of the 


transistor to the tuned circuit. 
As described in Ref. 1. the bandwidth of a tuned circuit 
remains constant with frequency in the case that the losses 


in this circuit are caused by a series resistance rye 


The damping of such tuned circuit decreases with frequency 


and follows a square law. 
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On the other hand, the output damping of the MOST at UHF 
increases with frequency but follows also a square law. 

This because of the fact that the output damping "gos" is 
caused by the drain capacitance Cd and the series resistance 


of the bulk r, (see fig. 13). 
dq, ' 


Gos x= rgew «Cd . 


As follows from the formula for the mismatch losses: 


C 7 4.ges. Gi 
mm (ge +6i)* 
a direct coupling of the MOST in parallel to the tuned circuit 
results into an unacceptable frequency dependence of the 
mismatch losses, (this problem also holds for a bipolar 


transistor). 


mca 2 Freq: 


In the formula gos represents the output damping of the MOST 
and Gi the input damping of the bandpass-filter, 

Ci = (Gp+g0s)(1+4")- 908 
In case of a direct coupling, also the bandwidth will strongly 
increase with frequency because then the @0s ‘almost determines 
the quality factor of the tuned circuit. B= (em)? pA L. Co. lp 
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To avoid these disadvantages the transistor has been coupled via 
a matching network to the primary of the bandpass filter as 


shown in Fig. 3. 


Fig.3 
At the highest tuning frequencies the matching network acts like 
a capacitive tapping "t". 


fe —lms 


Cra + Cos 
At lower frequencies these capacitances are partly tuned out by the 


inductance of Lm» which increases the tap on the primary. The 
resonance frequency fo, of the matching network is about 400MHz. 


In this way at increasing frequencies the increasing output damping 
of the MOST is compensated by a decreasing tapping on the tuned 
circuit. 

To achieve a frequency independence of the bandwidth and transducer 
gain it is also necessary to keep the relative cdupling factor K.Q. 
of the bandpass filter constant with frequency. Therefore the 
increasing a: (Ens) has to be compensated by a decreasing 
coupling factor K, 

This is also described in Ref, 1. 
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3. THE INPUT CIRCUIT OF THE RF STAGE, 


The input damping of a MOST is mainly caused by the gate 
capacitance Cg together with the channel resistance Poh 
to the source (see Fig. 13). This circuit delivers an 
input damping which also follows a square course and 


PHILIPS 


increases with frequency. As drawn in Fig. 4 a matching 
' 

network (Cm1, Lm1), similar to that in the drain, is 

also necessary on the gate of the MOST. 


Cora 


Fig.4 
However, this circuit has the following disadvantages: 


1, The resonance frequency of the matching network on the 
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gate is almost equal to the resonance frequency of the 


t 


matching network on the. drain thus: 


Past D xf. ety Sear eRI— 
“2m im (Cmie Cvs). ez 2m Lt (Cera Cos) 


This implies a parasitical bandpass at about 400MHz, 
It will be clear that an interfering signal at this 
frequency deteriorates the signal handling of the RF stage. 


A deterioration of the signal handling can also occur in the 


mixer stage because in this case the latter is protected 


against the interfering signal by the selectivity of the 


secondary of the bandpass filtér only. 
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2. The parasitic tuned circuits at the drain and the gate 
of the MOST, both tuned at, about 400MHz, implies also a 
great risk for instabilities of the RF stage. 

3, The gate of the MOST is almost connected to the top of 
the resonance circuit, Due to the fact that the gate 
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capacitance Cis is almost twice the ouput capacitance 


Cos, this coupling method causes a strong reduction 


of the tuning range of the antenna circuit. 


An input circuit in which the mentioned disadvantages 
in Fig. 5. 


could be avoided is given 


Neteriands 
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Fig.5 


As follows from the figure, the gate has been connected in 
parallel to the capacitor Cml which is the series capacitor 


of the varicap diode D1, 


' 
This results in a variable tapping on the antenna tuned 


circuit and can be written as: 
Core Ch 


és 


Co +€, +lm 


At the high end of the band the coupling of the antenna 
tuned circuit to the MOST appeared to be to loose, which 


could be corrected by means of the following measures: 
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1, By the inductance of Lm! which delivers a series 
resonance with the input capacitance Cis of the MOST at 
about 900MHz. 

Due to this, the signal voltage across the input 
capacitance Cis incrgases and with that the coupling. 

2. The parasitical coupling via cy. appeared to be of much 

importance because the signal via this coupling acts 

with an opposite phase with respect to the signal via 

Lm1, As this mixed coupling decreases rapidly towards 


higher frequencies, it is very important to minimize 


the parasitic capacitance "Cx" between the top of the 
tuned circuit and the gate. 


3. The coupling method of Fig. 5 provides only a very 
small parasitic capacitance in parallel to the tuned 
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circuit. Therefore, to achieve a correct tracking, it 


is necessary to connect an additional trimming 


capacitor. 
Usually such capacitor is connected in parallel to the 


tuning inductance L1. However, in the circuit of Fig. 5 


the trimming capacitor Ct1 is connected in parallel to 
the varicap diode D1, Especially at the high end of the 
band, this measure results in a higher tapping of the 

MOST on the antenna tuned circuit. 


The contents of this report are sot to be repeoduced. in whole or ia 


I 


4, THE TRACKING OF THE RF STAGE, 
An important property of the coupling method of the MOST to 
the tuned circuits is the fact that the influence of the input 
capacitance Cis of the MOST on the tuning range is much 
smaller than the influence of the output capacitance Cos, 
So in the primary of the bandpass-filter the highest 
capacitance value (27pF) in series with the varicap diode 


"BB405B" was needed to cover a frequency range of 470-860MHz 
together with a tuning voltage of 1-25 Volts. See Fig. 14, 
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In the secondary of the bandpass-filter a lower capacitance 


of 18pF satisfies this requirement. 

To achieve theright frequency range of the antenna tuned 
circuit, a capacitor of 15pF appeared to be sufficient, because 
here this capacitor is shunted by the input capacitance of the 
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MOST (Cis os 2.6pF). 7 

The RF stage was trimmed at the low end of the band by bending the 
tuninginductances Lt 1, 2 and 3. 

At the high end of the band the trimming capacitors Ct 1 and 2 

are used. (See Figs. 14 and 15) 

The best result can be obtained when the trimming procedure 

is carried out at about 550 and 800MHz, thus not at the ends 


of the frequency range. 


% ’ 
i MEASURES FOR DESIGNING A STABLE RF STAGE. 


As can be seen from Fig. 6 a MOST tetrode is built up by 
two triodes which are connected in a cascode configuration. 
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The area between the two channels, which is in fact the 
interconnection of drain D1 to source S2 delivers u 


parasitic capacitance Ca and a series resistance r, with 


respect to the source 8; (see also Fig. 13). 
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Especially this series circuit appears to be responsible 
for the UHF instabilities of the RF stage, because in the 
circuit it acts as a feedback for the output triode D2, G2 


S2. 


PS A Lh PL og Ys 
In Fig. 15 the lay-out of the RF stage is given, 


When in this figure the transistor is turned around 

his gate 1 = drain axis, thus the gate 2 and source 
connection are exchanged, instabilities at about 400MHz 
can occur. 

This situation is schematically given in Fig. 7a in 

which the feedback is caused by the inevitable inductance 
between the decoupling of gate 2 and the source (L print). 
The effective tuning capacitance Ceff is caused by the 
coupling capacitance Cm2 in series with some inductance 


filter. Note that this circuit is tuned at a higher 
frequency. In the Fig. 7b and 7c clearly the paracitic 
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oscillator circuit is demonstrated. 


Lprink = parasitic inductance 
between gatea and 
Source decoupling 


Fig.7a 
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When the decoupling of gate 2 and the source are situated 


as given in Fig. 15, the phase of the feedback actually 


turns 180 degrees, which provides a stable circuit. 


This is demonstrated in the Fig. 8a and 8b. 
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L print = perasitic inductance 


between gate 2 and source 
decoupling, 


Fig.8a Fig.8b 


To give an impression of the working of such a parasitic 
circuit, in Fig, 16 the simplified circuit diagram around 
the output triode of the MOST and the corresponding 


The contents of tus repori are nct to be reproduced, in whale or in 


vector diagram is given. 

In the vector diagram first the effective gate current ig 
is drawn, from which the input voltage Vi can be determined. 
The voltage across the effective gate capacitance Vey is 


responsible for the current source 1p sryfs,.VC,. 


So this current can be drawn in phase with VC.. 


(yfs, is measured at a very low frequency). 


The source current ig can be found by adding yfs,.VC, to 
ige This current flows through the feedback branch Ca-r, 


28 and causes there a voltage drop "V feedback". 
3 S3 The voltage at the tapping on the tuned circuit can be 
in found by the addition : Vfeedback + Vi = YD tap. 

° 
wo 
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In the vector diagram the drain voltages caused by the 


drain current ip across the tuned circuit as a function 


of the relative detuning B are given by the circle: 
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At the tapping on the tuned circuit this voltage only 


depends on the tap ratio t and can be written as: 


Vp rap = Vp Ff 


When the vector Yotap is situated inside the circle 
Yortap the loop gain is >1 which results in an unstable 
RF stage. 


In the circuit of Fig. 8 the vector Yptap has been 


shifted 180 degrees, thus outside the circle Ypttap which 
t 


provides a stable RF stage. 


5.3. Instability due to the inductance in the decoupling 


5 
Z 
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Another cause of parasitic oscillations in VHF and in UHF 


stages as well, are the lead-inductances in the 


nd 


3 
3 
i 
g 
3 
3 
8 
2 
3 
2 
3 
8 
é 


2e decoupling of gate 2 and the source. 

#3 These inductances deliver together with the drain-gate 2 
HE capacitance (Cy5-G5) and the bulk-island capacitance of 
a22 the MOST (Ca), a parasitic oscillator circuit at UHF 


frequencies. 

As drawn in Figs. 9a to 9c, even a complete oscillator 

circuit is possible, only by the presence of some lead 

inductance in the decoupling of gate 2 (Lge) - 

In this particular case, an effective decoupling of the 


drain and source has been assumed. 
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a 
s3g 
ses, Fig.9a Fig.9b Fig.9c 
383% 
$303 In practice such effective decoupling cannot be realized 
HEE due to the residual lead inductances. 
35e 
ose This knowledge results into the circuit diagram of 
Bse8 
2hie Figs. 10a to 10c. 
5 
é 


Fig.10b Fig.10c¢ 
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From these Figs. it appears that the inductance in the 


drain "Ly" influences the circuit in two manners. 
Firstly by decreasing the oscillation frequency, which 
decreases the modulus of the feedback "Ca eff,". 
Secondly it introduces a tapping of the feedback-branch 
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on the tuned circuit. u l 
G2 


be 


Zp + te; 


So in some particular cases it will be possible to avoid 


parasitic oscillations, simply by increasing the lead 


inductance in the drain. 
Regarding the influence of the parasitic inductance in 


the source, "Ls", it can be concluded that this 


inductance increases the effective feedback capacitance 


"Ca eff.". 
Ca 


Ca eff p= wt le. Cy 


It will be clear that for a stable circuit this 
inductance has to be minimized. 


The vector diagram given in Fig. 16 also applies to this 
parasitical oscillator circuit. 


In feedback=branch, however, one has to exchange 
"Ca" by "Ca eff."; 
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6. PRACTICAL LAY OUT OF THE PRINTED BOARD. 
The circuit diagram of the complete RF stage and the practical 
lay-out is given in the Figs. 14 and 15. ‘3 
To prevent a deterioration of the gain control range and the 


stability of the RF stage as well, a minimum parasitical 
coupling from the output to the input of the RF stage 
is necessary. 


F v8 Therefore the following measures have been taken: H 
2 2 5 A parasitic coupling from the antenna tuned circuit to the 
geet tuned circuits of the bandpass filter can be caused by 
3 8 + uncontrolled RF currents in the printed board, 
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To concentrate these currents around the tuned circuits, the 

earth connections of the varicapdiodes and tuning inductances 

are situated as near as possible to each other. For the same 

reason the tuned circuits are enclosed by the copperfoil of 

the printed board. A coupling can also be caused by some 

parasitic feedback capacitance. This demands for a screening 

which separates the input from the output of the RF stage. 

This screen also enables minimum lead inductances in the 

source and gate2 decoupling.As described in section 3.2 the . 


parasitic capacitance between the top of the antenna tuned 


PHILIPS 


circuit and gate 1 has to be kept as small as possible. 

So, in the print lay-out there is a great distance between 
these areas. 

Also the positioning of the rectAngular ceramic capacitor Cm1 


delivers some screening. 


Lin figs fit 
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bee As shown in Fig. 11 the bandpass filter has been 

ase coupled in four ways: 
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1. A inductive T coupling by means of the common 
inductance Lye ; 

2. A inductive 71 coupling via L,, which acts via a 
variable tapping on the tuned circuits, 

3. A indirect inductive coupling. 

4. A capacitive 70 coupling via the capacitance na 

between the circuits. 
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In order to minimize the dimensions of the bandpass filter, 
the coupling methods 1 and 2 are partly compensated bij the 


coupling methods 3 and 4. 

This is necessary because no shield between the primary and 
secondary is applied, which, as a matter of course should 
result into a to high coupling factor. 

To achieve a negative indirect inductive coupling, the coils 


have been ¢onnected in opposite directions. 


The advantage of this method is that these coils have equal 


directions of windings. 
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V/V (e+ Lp) (Ly +Ls) 
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6.2.2. The inductive 7€ coupling via L3. 
eg P 


PHILIPS 


(4+ tNG +s) 


In case Las LiL the formula can be 


simplified to: Z 
s 


LZy+ 
As shown in the figure below, in the circuit the coupling 
coil L, is connected on a 


3 
capacitive tapping. 


The equivalent circuit diagram 
| is also given. 
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In this figure it is assumed that C1 C3 and C2 oe C4 
thus t C, ae Cs ‘ 

“Ci+Ce Cr +ly . 
in general the reactance of C1 + C2 and C3 + C4 is 
negligible small versus the reactance of L3. 


and materials 


Electronic 
components 


Semiconductor application laboratory SAL Nijmegen - The Netherlands 


re 
Eas 
we: 


Information presented in this report is bused on pilot studies in our laboratories, It is presented in good faith but 


NV, Philips’ Glocilampenfabricken assumes no liability for any consequences of its use, Its presentation does not 
imply a licence under any patent, trademark or copyright, 


Report No,; NTI 8201 PageR -. 18. 


So the figure can be simplified further to: 
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Ls 


From this figure the expression for K becomes: 


Z 
Ay/,2 +L 


In the formula, t decreases with frequency and 


K= 


consequently the coupling K. 


6.3. Design methods for a negative coupling. 


6.3.1. The indirect inductive coupling. 


This coupling acts with an apposite 


sign due to the reversed connections 


of the coils Lp and Ls 
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ae a : \Z,.,° for - K can be written: 


-k="/ 


This coupling is frequency independent. 


6.3.2, The capacitive JT coupling. 
With respect to the inductive JT 
and T coupling this coupling acts 

also with an opposite sign, 
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Cx 


“ne VCC + Cp) (Cx+C¢) 


tn case Cp= c= Cc 
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then for -K' can be written: 


With frequency, the tuning capacitance C decreases, 
which results into an increasing coupling. 
In Fig.12 the frequency dependence of each coupling and the re- 
sulting mixed coupling has been sketched. 
This mixed coupling decreases with frequency, which delivers 
together with the increasing Q of the tuned circuits a 


frequency independent relative coupling factor K.Q. 


= Eindhoven - The Netherlands 
Product Division Electronic Components and Matenais. 
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T 


Measurements. 


In the table some results of the RF stage equipped with a 


BF 980 are given. 
More information about the DC biasing, signal handling, 


age characteristics etc. is given in reference 2. 


Measured results 


Freq. Tuning Noise Transd. Gain 3dB band VSWR (m.b) 
(MHz) voltage fig. gain reduct. width at nom at max. 


(Volts) (dB) (dB) (dB) (MHz) gain gain re 


470 1.7 3.3 13.8 48 24 
600 7.7 3.5 11 40 23 1.4 2.6 
730 13.5 3.9 n0.2 41 24 1.4 2.4 
860 25.1 4.2 10 44 19 1.4 3.1 


8. Conclusion: 


It is shown that the RF stage equipped with a BF 980 provides 


excellent UHF performance. 
A good solution has been found for the coupling of the MOST 
tetrode to the antenna tuned circuit, in which an additional 


coupling varicap could be avoided. 
The bandpass filter is simplified by the application of 
ordinary wire wound coils in the tuned circuits. 


This provides a cheaper RF stage and a good relectivity 


as well, 


Some design rules, providing a stable RF stage are also 


given. ' 
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